Introduction
============

Middle ear surgery for chronic middle ear disease is aimed at eradicating inflammation and preventing disease recurrence. Preservation or improvement of hearing is an additional goal of middle ear surgery. However, surgery for middle ear disease of an ear that has a better hearing level than the opposite ear is challenging because of the importance of hearing preservation. Surgical management of the only hearing ear is stressful for the surgeon because there is a possibility of hearing deterioration. Conservative management, such as careful observation and hearing aid use, is one of the choices, but surgical management should be considered when there is refractory otorrhea or a destructive lesion. There have been a few reports into surgical interventions in only hearing ears. Many surgeons favor surgical intervention for only hearing ears with cholesteatoma.[@B1] Sanna, et al.[@B2] used a questionnaire to study how surgeons treat patients who have chronic ear disease in only hearing ears. The results indicated that there is no consensus about the type of surgical treatment and surgical indications. Accordingly, the aim of this study was to evaluate surgical interventions and hearing rehabilitation in patients with chronic middle ear disease of only hearing ears.

Subjects and Methods
====================

We retrospectively reviewed the medical records of 31 patients who underwent middle ear surgery of only hearing ears by one senior surgeon in a single tertiary care center from 1992 to 2011. The age range of the patients was 25 to 65 years, with a mean of 45.3 years, with 21 female and 10 male patients. We examined the etiology of opposite deaf ears and the background of the decision making for surgery. Preoperative and postoperative pure tone and speech audiometry were checked to determine the hearing statuses of the patients. The average pure tone audiometry (PTA) was calculated from thresholds of 500 Hz, 1000 Hz, 2000 Hz, and 3000 Hz. A deaf ear was defined as that with an average air conduction threshold worse than 90 dB HL in PTA. Temporal bone computed tomography was preoperatively performed. We performed canal wall-up mastoidectomy with or without tympanoplasty for most patients with chronic otitis media and canal wall-down mastoidectomy for most patients with cholesteatoma. Conservative and minimal surgical procedures were preferred in only hearing ears except for those with destructive lesions such as large cholesteatoma.

We classified the patients into three groups according to the hearing level. Group A contained patients with serviceable hearing levels-better than 40 dB HL-and only observation with-out other rehabilitation methods was recommended. Group B patients-with a hearing level between 40 dB HL and 70 dB HL-were recommended to use hearing aids for hearing rehabilitation. Group C contained patients with hearing levels worse than 70 dB HL. In addition, changes in hearing levels were also classified into three groups according to the difference between the preoperative and postoperative air conduction thresholds: improved, no change, and worsened. A significant hearing level change was defined as 15 dB.

Results
=======

Preoperative diagnoses of chronic middle ear disease in only hearing ears were as follows: 21 cases (67.7%) of chronic otitis media, 9 cases (29.0%) of chronic otitis media with cholesteatoma, and 1 case (3.2%) of cholesterol granuloma ([Table 1](#T1){ref-type="table"}). The main causes of surgery for chronic otitis media were refractory otorrhea recurring over three times during 1 year. The indication for surgery in patients with chronic otitis media with cholesteatoma and cholesterol granuloma was prevention of further destruction of surrounding structures. Before surgery, frequent dressing changes and antibiotic medication were administered according to bacteriologic cultures for preoperative management. The average hearing level of contralateral deaf ears was 97.3 dB \[25-75% interquartile range (IQR)=91.8-101.5\]. The most common etiology of contralateral deaf ears was surgery for chronic middle ear disease in 21 cases (67.7%). There were four cases (12.9%) of untreated chronic middle ear disease and six cases (19.4%) of sensorineural hearing loss.

Surgical procedures are summarized in [Table 2](#T2){ref-type="table"}. Tympanoplasty was performed in five cases (16.1%) and all were of chronic otitis media. Canal wall-down mastoidectomy and tympanoplasty was performed in nine cases (29.0%), eight of which accompanied cholesteatoma; the other case was of recurred chronic otitis media after previous surgery. The most frequently performed procedure was canal wall-up mastoidectomy with tympanoplasty, which was performed in 17 patients (54.8%).

Preoperative air and bone conduction PTAs were 55.3 dB HL (25-75% IQR=35.8-70.8) and 28.0 dB HL (25-75% IQR=9.2-46.7), respectively, and the air-bone gap was 27.4 dB (25-75% IQR=20.0-35.8). Postoperative air and bone conduction PTAs were 55.0 dB HL (25-75% IQR=27.5-74.2) and 31.3 dB HL (25-75% IQR=12.5-49.2), respectively, and the air-bone gap was 23.7 dB (25-75% IQR=10.0-36.7). Three cases (9.7%) showed hearing improvement after surgery: all of them were for chronic otitis media and a canal wall-up procedure was performed. Four cases (12.9%) had worsened hearing after surgery: three of them were of patients with cholesteatoma and a canal wall-down procedure was performed in three cases ([Table 3](#T3){ref-type="table"}).

Preoperative and postoperative hearing levels and hearing rehabilitation recommendations are summarized in [Table 4](#T4){ref-type="table"}. Nine preoperative patients belonged to group A and eight of these were still group A after surgery. They did not need any hearing rehabilitation. One patient had hearing deterioration after surgery (to group B). Fourteen patients were preoperatively classified as group B, and three of them had hearing improvement after surgery (to group A). A total of 12 patients of postoperative group B were recommended to use hearing aids. All eight preoperative group C patients were still group C after surgery, and they were potential candidates for cochlear implantation because of bilateral severe or profound hearing loss.

The speech discrimination scores of patients improved with hearing rehabilitation ([Table 5](#T5){ref-type="table"}). Postoperative group A did not require hearing rehabilitation. Postoperative group B patients were recommended to use hearing aids. We recommended hearing aids to 12 patients; although three of them refused to use these devices, the other nine patients wore hearing aids with successful rehabilitation. Speech discrimination scores improved with hearing aids. Postoperative group C was recommended to undergo cochlear implantation: three of them underwent cochlear implantation, three of refused these implants and wore hearing aids, and the remaining two patients refused hearing rehabilitation. The patients who underwent cochlear implantation showed extremely poor preoperative (precochlear implantation) discrimination scores, with a mean value of 10.7%. A clear benefit was seen after cochlear implantation, with discrimination scores improved to 50.7%. Patients who wore hearing aids showed an improvement in speech discrimination scores, from 76.0% to 88.0%.

During the follow-up period over 1 year, recurrent tympanic membrane perforation was identified in two patients. Myringoplasty was done in these two cases. There was no recurrent otorrhea to disturb the use of hearing aids. As a result, all patients achieved dry ears after surgery.

Discussion
==========

Surgical management of only hearing ears remains challenging because of a possible aggravation of hearing after surgery. Control of disease and preservation of hearing are both important in this situation. Especially in cholesteatoma, in the aspect of cholesteatoma itself, it needs to be eliminated by appropriate surgery. However in the aspect of hearing, the removal of cholesteatoma has higher risk of hearing aggravation when compared to non-cholesteatoma chronic otitis media. In our study, 3 patients had hearing aggravation and 6 patients showed no change of hearing after surgery among 9 cholesteatoma patients. But considering the growth of cholesteatoma and high possibility of hearing aggravation due to cholesteatoma, just observing the patient without surgery could not be a proper management option, even in only hearing ear.

However, Sakagami, et al.[@B3] reported via long-term follow-up results of chronic otitis media that the hearing of ears with chronic otitis media worsened significantly more than that of normal contralateral ears. Wait and see is not a good policy for only hearing ears with chronic ear disease because hearing impairments will be progressive, especially when the otorrhea is recurrent or persistent.

Surgeons should carefully choose the surgical procedure, and either canal wall-up or canal wall-down mastoidectomy procedures or tympanoplasty can be used for chronic middle ear disease in only hearing ears. The type of mastoid surgery has been shown not to affect the hearing results of chronic otitis media patients.[@B4] Some previously published reports remarked on the type of surgery. Yamamoto, et al.[@B5] performed canal wall-up mastoidectomy with tympanoplasty in 16 of 30 patients in 1997. Perez de Tagle, et al.[@B6] performed canal wall-down mastoidectomy with tympanoplasty in 7 of 8 patients. Sakagsami, et al.[@B7] recommended a type 1 tympanoplasty without mastoidectomy for chronic otitis media and a canal wall-down mastoidectomy with ossicular reconstruction in patients with cholesteatoma. Battaglia, et al.[@B8] contended that one-stage canal wall-down procedures are preferable to minimize the number of times that the ear is placed at risk.

Conclusion
==========

All of our patients attained dry ears after surgery. Hearing aids were used in most patients with moderate to severe hearing loss and cochlear implants were used for auditory rehabilitation in patients with severe to profound hearing loss with successful results. Hence, proper preoperative evaluation and indications for surgery are important for successful eradication of inflammation and hearing preservation in only hearing ears. The association of cholesteatoma and recurrent otorrhea was a surgical indication in only hearing ears. Surgical interventions can achieve dry ears and enable further auditory rehabilitation using hearing aids and cochlear implants.
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Postoperative air conduction hearing level changes compared with preoperative levels

![](kja-18-54-i003)

^\*^a significant hearing level change was defined as a 15-dB air conduction threshold difference between preoperative and postoperative measurements
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Hearing results and principles of postoperative hearing rehabilitation

![](kja-18-54-i004)

###### 

Results of hearing rehabilitation and changes in speech discrimination scores
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